Deployment to a combat zone with the military poses many challenges to the anaesthetist. One of these challenges is the safe, rapid and comfortable initial wound management and repatriation of wounded combat soldiers to their home country or tertiary treatment facility for definitive care and rehabilitation. The current conflict in Afghanistan is associated with injury patterns that differ from wars such as Vietnam or Korea. This report describes the experience of an Australian military anaesthetist and the value of regional anaesthesia and analgesia for the care of the wounded combat soldier.
Providing anaesthesia and analgesia in austere environments is a challenging task for the medical specialist. It has been recognised that successfully applied regional anaesthesia can simplify this task, reduce the risk for the patient, reduce the burden on nursing staff for recovery and postoperative care and simplify transport management.
Regional anaesthesia has been used in previous conflicts. During mass casualty situations in Vietnam, anaesthesiologists employed spinal, epidural and axillary blocks to allow simultaneous surgeries to be performed 1, 2 .
In describing three cases, I hope to illustrate my experiences as a deployed anaesthetist with the Australian military in Afghanistan. I also hope to demonstrate the advantages of regional anaesthesia and describe the sophistication that can be achieved with portable ultrasound equipment and a nerve stimulator.
In each case the ultrasound used was a Sonosite Micromaxx and all catheters placed were B. Braun Contiplex.
CASE HISTORIES

Patient 1
The first patient was a 37-year-old, 90 kg, ASA physical classification 1E, International Security Assistance Force (ISAF) soldier. He sustained a mid-shaft fractured femur following a fall.
He was brought to the hospital receiving area in extreme pain. Initial management was intravenous ketamine and midazolam. Under sterile conditions, an ultrasound-guided right femoral nerve catheter was then placed and 20 ml ropivacaine 0.75% was administered via the catheter. This produced almost instant pain relief. Within 20 minutes the patient was alert and comfortable. He was then taken to the operating room and had an external fixation device placed.
The patient had a rapid and comfortable recovery with an infusion of ropivacaine 0.2% at 10 ml/hour via the femoral catheter. Transfer back to his home country in Europe was painless despite taking more than 24 hours and involving several changes of vehicle, all on a NATO litter. On arrival in Europe he underwent intramedullary fixation of the fracture under general anaesthesia.
Patient 2
The second patient was a 32-year-old, 78 kg, ASA 1E, ISAF soldier who received severe bilateral hand injuries following a hand grenade explosion. Despite the proximity of the explosion, his body armour prevented other injury.
His injuries included a complete traumatic amputation of his right hand and traumatic amputation of his left thumb and index finger. Both Portions of this paper have been previously published in the ASA news, July 2009. arms had penetrating injuries from shrapnel and required primary debridement and fasciotomy. Conventional placement of continuous regional anaesthesia was difficult due to loss of limb tissue but ultrasound placement made it possible 3, 4 .
While anaesthetised with propofol, rocuronium and fentanyl, and maintained with oxygen, air and sevoflurane, he had bilateral infra-clavicular ultrasound-guided brachial plexus catheters placed. Each needle was directed to the supero-posterior segment of the subclavian artery, as described in the Regional Anaesthesia Handbook 5 . Both catheters were dosed with 20 ml ropivacaine 0.375%.
The patient woke up pain-free but in some distress: it transpired that his analgesia was so complete that he was concerned that he had lost both his arms, but after clarification he settled and was very grateful. Both catheters were then commenced on infusions with ropivacaine 0.2% at 10 ml/hour.
He was taken back to the operating room the next day for further debridement and was then transferred back to Europe to a specialist hand hospital for ongoing management. He remained pain-free for the duration of the medical evacuation.
Patient 3
The third patient was a 25-year-old, 81 kg, ASA 1E, ISAF soldier who sustained a gun shot wound mid left thigh, which missed the femur, and a gun shot wound to his right calf with extensive muscle damage. He underwent primary debridement of both wounds under general anaesthesia and had packing placed. The next morning it was noted that the right calf was tense and the patient returned to the operating room for three-compartment fasciotomy of his right lower limb.
Following recovery, this patient had intractable severe pain, requiring escalating doses of morphine. After discussion with the orthopaedic surgeon, it was decided to place continuous peripheral nerve blocks to improve analgesia and simplify medical evacuation. He had a left femoral nerve catheter and a right mid-thigh sciatic nerve catheter placed under ultrasound guidance. It was estimated the transport time for this patient would be 81 hours.
Both catheters were commenced on infusions with 10 ml ropivacaine 0.75%. on recovery he was pain-free and ropivacaine 0.2% infusions at 10 ml/hour were then commenced via both catheters.
This patient underwent further wound debridement at another medical treatment facility during a stopover on his journey home. This was performed under sedation with both blocks topped up. He remained comfortable and pain-free for the duration of his evacuation.
FoLLoW UP
I was able to follow the outcomes and no patient had neurological complications from the blocks.
DISCUSSIoN
The Australian Medical Task Force 2 was a Royal Australian Air Force team deployed to the Middle East in the second half of 2008, at a Forward Operations Base in Afghanistan. The facility was established and manned by a highly trained and capable team from a European country and our team was embedded to provide surgical and intensive care unit capability. The hospital also had a secondary role of providing humanitarian medical support to the local national population, who would have 
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During our time in Afghanistan we treated around 140 patients. Most of their injuries were as a result of trauma, but not from ISAF military activity. Around two-thirds were local nationals and almost half of these children.
I was on continuous duty at the medical treatment facility for the first half of the rotation. This meant 37 days as solo anaesthetist and intensivist. During this time there were 64 separate attendances to the operating room for anaesthesia and surgery and 80 procedures were performed. The anaesthesia used was predominantly general with sevoflurane and oxygen/air. I performed 13 blocks on 11 patients, with two patients receiving regional anaesthesia alone.
There has been a steady increase in lethality of modern weapons but at the same time, a steady fall in the combat mortality (killed in action to wounded in action ratio) since World War II 6, 7 . The injury patterns of the current conflicts in the Middle East are different from those of previous conflicts. This is due to a mix of improved personal protection from body armour and the use of improvised explosive devices by the enemy. These devices are often filled with shrapnel and if buried, will project gravel into the victim. This produces penetrating injury and fractured bones of the extremities. Four-limb injury is not uncommon. Typically the combination of body armour protecting the vital organs and expedient casualty evacuation to front line field hospitals, such as the one in which our team was working, result in survival with severe limb injury 3 . These injuries are well managed with regional anaesthesia and continuous peripheral nerve blocks 8 .
Injured soldiers are initially managed at forward operating areas in field hospitals. This has many positive benefits on the morale of the soldier and his or her comrades. It also provides the advantage of maintaining manning levels and early rehabilitation. Increasingly there is a trend to rehabilitate wounded combat soldiers in-country and return them to front-line service as soon as possible. The more seriously wounded are rapidly evacuated following resuscitation and surgery to major medical treatment facilities, typically in Europe.
Well-managed analgesia during transfer from the front line to tertiary care facilities is associated with less post-traumatic stress disorder, which has become a serious problem for veterans of combat, particularly for the US military 8 . The lack of pain allows both early commencement of rehabilitation and more active participation in rehabilitation 9 .
Continuous peripheral nerve blocks provide excellent analgesia and anaesthesia in this situation. The US military have commenced a program of using continuous regional analgesia for transportation of such patients 7 . This has not been emulated outside their medical treatment and evacuation system.
The use of regional anaesthesia in combat hospitals is not new. The predominant technique was confined to spinal anaesthesia and these techniques had limited applicability due to haemodynamic instability in shocked casualties and risk associated with contamination and sepsis. As such, they tended to be reserved for stable patients undergoing repeat procedures on the lower limbs 10 .
Published evidence supports the use of peripheral regional anaesthesia alone or in combination with general anaesthesia for management of acute and elective surgery in the civilian setting 11 . Potential advantages include reduced operative blood loss, improved operative conditions and a more rapid recovery with less pain when compared to general anaesthesia alone. There is a significant sparing in the use of opiates and therefore complications from their use 12, 13 . There is a high level of satisfaction from both surgeons and patients when continuous regional anaesthesia is used 13 . The advantages are clear for a hard-pressed field hospital; it allows more care to be comfortably provided to more patients with less skilled staff, less use of difficult-to-resupply resources and usually a faster and more stable recovery phase leading potentially to a more rapid return to the battlefield 14 .
All of these patients had suffered very painful injuries in a remote and hostile environment. Continuous peripheral nerve blocks provided good analgesia with minimal sedation, enabling safe and comfortable transfer to a higher level of care 15 . The availability of high-resolution ultrasound enabled rapid and accurate placement of blocks. Reliance on peripheral nerve stimulators would have made it either painful for the patient or impossible due to traumatic amputation.
In each of these cases the blocks were placed under general anaesthesia or deep sedation. This has been shown not to increase the risk of neurological complications, and placement of the blocks fully conscious would have been difficult and extremely unpleasant for the patient 16 .
As with many innovations developed on the battlefield leading to better technologies in civilian life, this application of timely regional anaesthesia and analgesia is likely to improve the care and outcome for civilian patients following trauma.
Patients with peripheral injuries admitted to regional and rural hospitals will be more easily transported to referral hospitals, and patients in referral hospitals will be more easily managed from the emergency department to the recovery room and ward. Chronic pain and psychological trauma is reduced 17, 18 .
The objective for managing our injured soldiers should be the best possible outcomes in both survival and return to duty or a fruitful civilian life. However, there are obstacles to this objective 3, 6, 17, 18 . Training in regional anaesthesia needs to become more comprehensive and, at least for the military anaesthetist, part of their usual practice. Those who wish to provide this care must be familiar with the necessary equipment.
